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Abstract: Although seasonal breeding has been documented in many non-human primates, it is not clear whether 
sexual behaviors show seasonal variation among male individuals. To test this hypothesis, the focal animal sampling 
method and continuous recording were used to investigate seasonal variation and synchronization of sexual behaviors in 
five male Tibetan macaques (Macaca thibetana) at Mt. Huangshan from Oct 2005 to Sept 2006. Both copulatory and 
sexually motivated behaviors (i.e., sexual chase, grimace, and sexual-inspection), which were significantly higher in the 
mating season than non-mating season. Furthermore, seasonal variations of sexual behaviors, including copulatory and 
sexually motivated behaviors, were synchronized among males. The results shed light on sexual competition and tactics 
for reproductive success of male M. thibetana and other non-human primates with seasonal breeding. 
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Seasonal breeding (reviewed in Prendergast et al, primates (Setchell & Wickings, 2004; Li et al, 2005; 
2002) and reproductive synchrony (Connor et al, 2006; Sharma et al, 2006). For these species female distribution 
MacFarlane & Coulson, 2005) have been well and reproductive status are the key factors for males to 
documented in female mammals, including non-human respond to ensure reproductive success (Bateman, 1948; 
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Strier, 2003; Herndon, 1983). Theoretical and empirical 
studies have shown that males should attempt to fertilize 
as many females as possible, in part because sperm is 
1948; 
Roughgarden et al, 2006). However, high energetic and 


arguably the less costly gamete (Bateman, 


reproductive costs may be imposed on males through 


sperm production (Nakatsuru & Kramer, 1982), 
ejaculations (Thomsen et al, 2006) and intermale 
competition. Males might maximize mating 


opportunities by coordinating their behaviors with 
females’ physiological conditions (Trivers, 1972). In 
species exhibiting multi-male grouping patterns and 
strong seasonal breeding cycles, the reproductive 
behaviors of males and females should be strongly 
coordinated. There are much more sexually receptive 
females in the mating season than the non-mating season 
(Li, 1999; Bercovitch, 1987a; Li et al, 2005), which 
hypothetically allows the males to concentrate their 
reproductive efforts during the mating season (also see in 
time budget dilemma; Bercovitch, 1987b). It is important 
for males to determine the time when sexually receptive 
females are available and to concentrate mating efforts at 
those times (Bercovitch, 1987b; Gordon & Bernstein, 
1973); sexual behaviors in males are expected to show 
synchronously seasonal variation with females’ seasonal 
strategies (Bateman, 1948; Strier, 2003). However, this 
hypothesis has not been yet been tested in free-ranging 
male non-human primates. 

Tibetan macaques (Macaca thibetana) live in 
multi-male, multi-female groups with strictly linear 
dominance hierarchies (Li, 1999). Although seasonal 
breeding has been the focus of considerable research in 
Tibetan macaques, a number of criticisms of these 
researchers have been raised. Firstly, the occurrence of 
seasonal mating in Tibetan macaques is still debated. 
Wada & Xiong (1996) demonstrated that Tibetan 
macaques are non-seasonal mating, but further studies 
manifested the seasonal mating in Tibetan macaques 
(Xiong, 1998; Li et al, 2005). Secondly, previous studies 
pointed out that the mating season in Tibetan macaques 
is between July and December (Xiong, 1998; Li et al, 
2005), and the non-mating season is from February to 
June (Li, 1999) in female Tibetan macaques, however, 
comparable data were not collected on males. Thirdly, 
male sexual behavior includes not only copulatory 
behavior, but also sexual effort (Zhang et al, 2010) or 
motivation (Wallen, 2001). Few studies have focused on 
the latter aspect of male sexual behavior (Gordon & 
Bernstein, 1973), and no studies of sexually motivated 
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behaviors in Tibetan macaques. Free-ranging Tibetan 
macaques provide an opportunity to study seasonal 
variation of sexual behaviors in male non-human 
primates. This study also provides insight into the 
character of sexual behaviors of similar species. 

In the present study, we hypothesized that sexual 
behaviors in males show seasonal variation due to males’ 
adaption to seasonal changes in females’ sexual behavior 
(Bateman, 1948; Strier, 2003; Herndon, 1983). The 
following predictions should be valid: (1) copulatory 
behaviors show seasonal variation in male Tibetan 
macaques; (2) sexually motivated behaviors should vary 
with season; (3) in order to maximize mating 
opportunities and reproductive success (Lack, 1968), 
males should exhibit synchronized sexual behaviors, 
which mean all the males show sexual behaviors at the 
same period. We collected behavioral data from five 
target males during the period from October 2005 to 
September 2006, to verify these predictions. 


1 Material and Methods 


1.1 Study site and subjects 

This study was conducted over a one-year period 
from October 2005 to September 2006 at Mt. Huangshan 
National Reserve located in Anhui Province, China. The 
reserve is a World Culture and Nature Heritage site that 
is well-known as a tourist destination and research site 
for the study of Tibetan macaques (Macaca thibetana). 
The reserve (Mt. Huangshan) reaches an altitude of 
1,841 m above sea level, and covers an area of 154 km? 
(Li, 1999; Li et al, 2005). Two non-human primate 
species, Macaca mulatta and M. thibetana, are found in 
this mountain reserve. The M. mulatta ranges below 600 
m and M. thibetana above 600 m (Wada et al, 1987). Like 
many other species in the genus Macaca, Tibetan 
macaques live in multi-male/ multi-female groups. There 
are several groups of Tibetan macaques found throughout 
the reserve (Berman & Li, 2002; Xia et al, 2008b). 

The Tibetan macaque group of focus in the present 
study was the Yulinkeng 2 (YA2) group, which fissioned 
from the Yulinkeng 1(YA1) group in 1996 (Li et al, 
1996). These two groups are located in an area within the 
reserve known as the “Valley of the Monkeys” (N30° 
04'25.1"/E118°08'59.3") characterized by the extremely 
steep, mountainous terrain. Both groups are habituated to 
people and receive the modest daily provisioning of corn 
by the reserve staff to maintain their presence at the 
designated tourists viewing sites. A detailed account of 
the groups’ history and demography can be found in Li 
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(1999). 

Behavioral data was collected from five adult males 
in the YA2 group throughout the one-year study. During 
the study period, the group grew from 37 to 42 animals 
and was composition of 7 adult males, 7 adult females, 
22 subadults/juveniles, and 2 — 7 infants (5 were born 
during the study period). The five subject males (GBZ, 
CT, YX, JT, and BL) selected for study were thoroughly 
habituated to humans and readily distinguishable by 
facial/body characteristics. Two other adult males were 
not included as subjects as one was not well habituated 
to humans and so difficult to sample, the other had lost 
one testicle during a fight several years earlier, this likely 
impacted his sexual behavior in unknown ways. 

1.2 Behavioral data collection 

All behavioral data were collected by a single 
observer (Xia), during an intensive study period totally 
303 days from October 2005 to September 2006 (mean 
=25 days/month, range=15 — 31). Behavioral observation 
began at approximately 08:00 and concluded at 17:30 
each day. The observer maintained an observation 
distance of 5 — 10 m from monkeys. Focal animal 
sampling method and continuous recording (using a 


digital voice recorder) were used to score copulatory and 
sexually motivated behaviors (Altmann, 1974). The order 
of observation for focal animals was determined daily 
via random selection. Focal sample duration was set at 
20 min (Li et al, 2005; 2007). If a given focal monkey 
could not be found at its sampling time, or was lost from 
view during sampling, the observer chose the next 
monkey in order and returned to the previous monkey 
when he reappeared (Li et al, 2005; 2007). Focal 
sampling yielded a total of 452 h of data and was evenly 
distributed between the mating {226 h [monthly Mean + 
SD = (45.2 +2.43) h, n=5]} and non-mating seasons 
{226 h [monthly Mean + SD = (45.2+3.73) h n=5]} 
Data collected were approximately equivalent among the 




















five males (range: 80—94.3 total h per male). 

According to the definition of the mating season in 
female Tibetan macaques (Xiong, 1998; Li, 1999), the 
mating season and non-mating season are defined from 
July to January next year and between February and June, 
respectively. And defined as 
copulatory behavior and sexually motivated behaviors, 


sexual behavior is 


including sexual chase, grimace, and sexual-inspection 
(Li, 1999; Tab. 1). 


Tab. 1 Behavioral definitions 





Type Catalog Ethogram 
Copulatory f PES ta ate 
hk: Copulation Male mounts a female with intromission and thrust, but does not necessarily ejaculate. 
ehavior 


Sexual chase 


Male chases female, the female runs away with occasional stops and with no screaming. 


Male teeth-displaying to the female from a distance, which is the behavior that adult males 


use to attract females for mating. 


Sexually 
motivated Grimace 
behavior 
Sexual-inspection 
Modified from Li (1999) 


1.3 Data analysis 





We report data as mean (+SE) frequencies of 
behaviors per hour. When the distribution of data 
differed significantly from the normal distribution 
(one-sample Kolmogorov-Smirnov test, P<0.05), the 
Kruskal-Wallis H-test was used to check for the 
difference among months in sexual behaviors (i.e., 
copulatory behavior, sexual chase, grimace, 
sexual-inspection). A Wilcoxon test was used to analyze 
differences between the mating season and non-mating 
season. Linear regression was used to test for sexual 
synchronization in the sexual behaviors of the five males. 
All analyses were two-tailed and were carried out using 
the SPSS 13.0 software (Norusis, 2005), with the 


significance level set at 0.05. 


Adult male touches, licks or sniffs the female’s genital area. 


2 Results 


2.1 Seasonal variation of copulatory behavior 

A monthly difference was found in copulatory 
behavior of each male (Kruskal-Wallis H-test: GBZ: 
X =79.412, df=11, P<0.01; CT: 77=59.656, df=11, P<0.01; 
YX: x =45.634, df=11, P<0.01; JT: 7°=57.398, df=11, 
P<0.01; BL: y7=33.185, df=11, P<0.01). And the 
difference was significant between the mating and 
non-mating season for each male (Wiloxon test: GBZ: 
Z=-6.235, P<0.01; CT: Z=—5.584, P<0.01; YX: 
Z=—4.707, P<0.01; JT: Z=-6.078, P<0.01; BL: Z=-3.710, 
P<0.01) (Fig. 1). 
2.2 Seasonal variation of sexually motivated beha- 

viors 
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2.2.1 
monthly difference was also found for the sexually 


Seasonal variation in sexual chase A significant 


motivated behavior of sexual chase for four of the adult 
males (Kruskal-Wallis H-test: GBZ: y’=54.825, df=11, 
P<0.01; CT: y7=20.313, df=11, P<0.05; YX: 7=28.854, 
df=\1, P<0.01; JT: 7°=45.797, df=11, P<0.01), but not 
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Fig. 1 





Seasonal variation of copulatory behaviors (M+SE) 
in adult male Macaca thibetana (** P<0.01; 
* P<0.05) 


BL (YX: Z=—1.439, P>0.05; BL: Z=—1.720, P>0.05) 
(Fig.2). 

2.2.2 Seasonal variation in grimace 
differed by month for all the five adult males 
(Kruskal-Wallis H-test: GBZ: 7 =100.081, df=11, P<0.01; 
CT: 77=23.073, df=11, P<0.05; YX: 7°=43.746, df=11, 
P<0.01; JT: y7=51.088, df=11, P<0.01; BL: 77=42.649, 
df=11, P<0.01). Differences were found between the 
mating and non-mating season for all five males 
(Wilcoxon test: GBZ: Z=—7.358, P<0.01; CT: Z=—4.725, 
P<0.01; YX: Z=-3.439, P<0.01; JT: Z=—4/717, P<0.01; 
BL: Z=—2.540, P<0.05) (Fig.3). 

2.2.3 Seasonal variation in sexual-inspection Sexual- 
inspections were found to be significantly different by 
month in the five target monkeys (Kruskal-Wallis H-test: 
GBZ: 77=44.168, df=11, P<0.01; CT: 77=22.579, d=11, 
P<0.05; YX: y’=28.367, df=11, P<0.01; JT: 7=33.096, 
df=11, P<0.01; BL: y7=28.784, df=11, P<0.01). A 
difference was found between mating and non-mating 
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Fig.3 Seasonal variation of grimace (M + SE) in 
adult male Macaca thibetana (** P<0.01; 
* P<0.05) 
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for BL (Kruskal-Wallis H-test: y7=19.218, df=11, 
P<0.01). Sexual chase differed significantly between 
mating and non-mating seasons in GBZ, CT, and JT 
(Wilcoxon test: GBZ: Z=—5.838, P<0.01; CT: Z=—3.541, 
P<0.01; JT: Z=—4.416, P<0.01), whereas no seasonal 
difference for this behavior was found for either YX or 


W Breeding season 
CNon-breeding season 


we 


Frequencies (frequency/h) 





GBZ CT YX JT BL 
Target individuals 
Fig.2 Seasonal variation of sexual chases (M SE) 
in adult male Macaca thibetana (** P<0.01; 
* P<0.05) 


seasons for four of the males (Wilcoxon test: GBZ: 
Z=-4.625, P<0.01; CT: Z=-2.140, P<0.05; YX: 
Z=-2.008, P<0.05; JT: Z=—4.083, P<0.01), but not for 
BL (Wilcoxon test: Z=—1.293, P>0.05) (Fig.4). 
2.3 Synchronously seasonal variation in male Tibe- 
tan macaques 

Sexual behaviors showed quadratic trends from 
October 2005 to September 2006, including copulation 
(P<0.01) and sexually motivated behaviors (P<0.01) 
(sexual chase: P<0.01; grimace: P<0.01; sexual-inspec- 
tion: P<0.01). Furthermore, linear regression analysis 
showed that copulatory behaviors, which had higher 
frequencies in the mating season and lower frequencies 
in the non-mating season, showed synchronous change 
with the seasons in the five target monkeys (adjusted 
R?=0.926, N=12, F=35.627, P<0.01), as did sexually 
motivated behaviors (sexual chase: adjusted R’=0.848, 
N=12, F=16.289, P<0.01; grimace: adjusted R*=0.873, 
N=12, F=19.823, P<0.01; sexual- inspection: adjusted 
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Fig. 4 Seasonal variation of sexual-inspection (M + SE) 
in adult male Macaca thibetana (** P<0.01; 
* P<0.05) 
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R°=0.622, N=12, F=8.241, P<0.05), that is to say, the 
target males showed sexual behaviors at the same period 
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(Fig.5). 
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Fig. 5 Synchronization of seasonal variation in adult male Macaca thibetana, including copulatory behavior (P<0.01) 
(A), sexual chase (P<0.01) (B), grimace (P<0.01) (C), and sexual-inspection (P<0.05) (D) 
All the data are shown as frequency/hour (M+SE). In each figure, different histogram patterns represent behavioral frequencies. 





Seasonal variations of sexual behaviors show quadratic trends and synchronous changes in the target monkeys during the study period. 


3 Discussion 


3.1 Seasonal variation of sexual behaviors in male 
Tibetan macaques 

in female 

non-human primates have been intensely studied 

(Setchell & Wickings, 2004; Li et al, 2005; Sharma et al, 

2006). However, it is yet to be known whether sexual 


Mechanisms of seasonal breeding 


behaviors also show seasonal variation among male 
individuals. In current study, seasonal variations of 
copulatory and sexually motivated behaviors were found 
in male Tibetan macaques. Frequencies of copulatory 
behaviors were significantly higher during the mating 
season. The same is true with sexually motivated 
behaviors (i.e. sexual chase, grimace, and 
sexual-inspection), which are the primary coordinators 
between sexual behavior and fertility (Wallen, 2001; 
Wallen & Zehr, 2004). Our prediction that male Tibetan 
macaques should show seasonal variation in sexual 
behavior is well supported. In non-human primate groups, 
male behaviors are distributed with females’ behaviors 
(Strier, 2003; Bateman, 1948), through direct and 
indirect olfactory investigation (Palagi et al, 2004), and 
the most conspicuous feature of the reproductive cycle of 
many male cercopithecine monkeys is seasonality 


(Bercovitch, 1999), show parallel seasonal distributions 


with females’ reproductive status. As opposed to the 
abundant studies of seasonal variation of sexual 
behaviors in females, the studies in males are scarce. 
However, many viewpoints in different fields can still be 
used to illustrate seasonal variation of sexual behaviors 
in male non-human primates. Firstly, the achievement of 
peak testis size in mating season is the most important 
factor in the morphological changes (Bercovitch, 1999). 
Secondly, some studies emphasize the fundamental role 
of chemical signals in the regulation of seasonal behavior 
in primates (Kappeler, 1998; Pereira, 1991). Thirdly, 
physiological changes (i.e. circulating the testosterone 
level), which are probably the honest messages about the 
male’s reproductive state (Kappeler, 1998), facilitate the 
sexual behaviors (Adkins-Regan, 2005) and sexual 
motivation (Wallen & Zehr, 2004). Previous studies 
demonstrate that testosterone levels are higher in the 
mating season than non-mating season, and they show 
2008a) and positive 
correlations with copulatory behavior (Xia et al, 


seasonal variation (Xia et al, 


unpublished data). Our study showed seasonal variation 

of sexual behaviors in free-ranging male M. thibetana, 

and the function of testosterone is probably the most 

direct illustration to data. 

3.2 Sexual synchrony in male Tibetan macaques 
Synchronization in sexual behaviors is universal 
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among invertebrates (Danley et al, 2007) and vertebrates 
(Moore et al, 2005), including non-human primates 
(Sharma et al, 2006). Synchronous reproduction is 
universal in female consorts (Connor et al, 2006), 
however, it is not clear if males show synchronization of 
sexual behaviors. Furthermore, as synchronization 
reproduction can also be associated with cultural 
function (Moore et al, 2005), it is significant to 
discussion the synchronization of sexual behaviors in 
free-ranging social group. In accordance with our 
expectation that male sexual behaviors should be 
synchronized in both the breeding and non-mating 
season, copulatory behavior and sexually motivated 
behaviors showed significantly higher frequencies in the 
mating season than non-mating season were found in the 
target males. That is to say, all males showed sexual 
behaviors at the same period. The prediction that males 
exhibit synchronous variation by season was strongly 
supported. Our results support the previous conclusion 
about the synchronization of sexual behaviors in 
non-human primates (Sharma et al, 2006). 

Historically, the study of reproductive strategies in 
male macaques and other primates has focused on 
competition of accessing to females (Altmann, 1962). 
Reproductive synchronization will increase the 
likelihood of mating because males have a specific 


window of time corresponding to female reproductive 
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